Abstract. The aim of this study was to establish a novel method for isolating and purifying Leydig cells from mice testes. Testes of postpuberal mice were harvested and digested in a low concentration of collagenase NB4 for 15 min 2 times. Cells obtained were cultured in low glucose DMEM with 10% FBS. Immunofluorescence was used to detect the expression of Leydig cell biomarkers including 3β-hydroxysteroid dehydrogenase, cholesterol side-chain cleaving enzyme (CYP11A1) and 17α-hydroxylase/17,20-lyase (CYP17A1). It was found that the purity of the isolated Leydig cells was 69.6 ± 4.16%. After 7 days in primary culture, it increased to 90%. The testosterone synthase spectrum could be detected at the primary culture. In conclusion, the application of a low concentration of collagenase for differential digestion allows isolation of large quantities of viable Leydig cells. Key words: Differential digestion, Isolation and purification, Leydig cells (J. Reprod. Dev. 57: [433][434][435][436] 2011) eydig cells exist in the testicular interstitium and are the primary cells that synthesize and secrete testosterone in adult male animals. Qualified isolation of Leydig cells is very important for primary culture, which lays the foundation for and play a key role in all research in this field.
(J. Reprod. Dev. 57: [433] [434] [435] [436] 2011) eydig cells exist in the testicular interstitium and are the primary cells that synthesize and secrete testosterone in adult male animals. Qualified isolation of Leydig cells is very important for primary culture, which lays the foundation for and play a key role in all research in this field.
However, at present, the steps for Leydig cell isolation and purification, including centrifugal elutriation and continuous or uncontinuous gradient of Percoll, are not only complex but also have strict requirements. As Leydig cells are particularly sensitive to mechanical intrusion [1] , the long procedures of these protocols seriously damages the isolated cells and does not guarantee the long-term culture viability or continued secretion of androgens [2, 3] ; even primary cultures show significant cell aging and apoptosis [4] [5] [6] [7] . Some researchers have also adopted the whole interstitial cell culture method to obtain Leydig cells [8, 9] . However, Leydig cells comprise only 18% of the total interstitial cell components, while macrophages, which have a stronger proliferative capacity, account for 12% [10] . Consequently, Leydig cells obtained using the whole interstitial cell culture method may be competitively eliminated by dominant impure cells in the process of culture, resulting low culture purity.
In this study, we modified this method by using a low concentration (0.03%) of NB4 collagenase to develop a new isolation method that causes less damage to the Leydig cells. This study was dedicated to improving the method for isolating viable, high-purity Leydig cells.
In this procedure, two steps with a low concentration of NB4 collagenase were used to digest and isolate the mouse Leydig cells. With this method, there were about 1.0 × 10 5 cells that could be collected from each testis. The purity of the Leydig cells was 69.6 ± 4.2%. Cells were stained with trypan blue, and their survival rates were above 90%. The isolated cells had a uniform epithelial-like shape (Fig. 1A) . After totally spreading, the Leydig cells had an irregular polygon shape (Fig. 1B) . After 7 days of culture, 90% of the cells were positive for 3β-HSD histochemical staining (Fig. 1C,  1D ), and the cell counts increased to approximately 6.0 × 10 5 per testicle (Fig. 2) . Single cells had an irregular polygon shape with small protuberances and a round nucleus located in the center of the cytoplasm. High magnification allowed observation of abundant lipid drops in the cytoplasm that mostly surrounded the nucleus. Immunofluorescence showed that the Leydig cell cultures were positive for 3β-HSD, CYP11A1 and CYP17A1 (Fig. 3A, 3B and 3C).
It has been known that the development of Leydig cells follows a specific pattern: mesenchymal cells, progenitor cells, newly formed adult Leydig cells, immature adult Leydig cells and mature adult Leydig cells. In preadolescence, Leydig cells mainly localize to the periphery, close to the convoluted tubule. As the animal matures, the cells gradually gather toward the central part of the testicular interstitium [11] .
So, in our method of isolation, decapsulated testes were dissociated by shaking in the first step. Seminiferous tubules were loosened and detached from the interstitium, as the cells in the supernatant mainly consist of those close to the tubules, such as macrophages, fibroblasts and other non-Leydig cells. However, mature Leydig cells gather in the central part of the testicular interstitium. The mild digestion condition in the second step may allow the collagenase to penetrate into the interstitial center via the loosened tubules.
Many researchers have reported that Leydig cell cultures with over 90% purity can be obtained through centrifugal elutriation and continuous or uncontinuous gradient of Percoll, but the viability of primary seeding and culture is low [12, 13] . In our study, the initial purity of the obtained Leydig cells was 69.6 ± 4.16%. But the cells showed strong adherence in primary culture and grew into typical epithelioid-like cells, probably because of the simplified procedure and shortened operation time. In addition, the macrophages and Leydig cells located in the testicular interstitium experience complex paracrine effects that promote cell growth and development and hormone synthesis [14, 15] , and the formation of new Leydig cells in adult male animals was derived from mesenchymal cells when the original Leydig cell population was destroyed [16, 17] . Moreover, adult Leydig cells and mesenchymal cells per testis increased linearly from birth to postpuberty with a ratio of 2:1 respectively, indicating there were considerable mesenchymal cells in adult animals [18] . Consequently, one-sided pursuit of high initial purity can hardly obtain a high quality of primary culture. In the present study, we avoided the strict sorting of cell types, retaining a certain portion of non-Leydig cells such as macrophages and mesenchymal cells that could maintain Leydig cell function, thus ensuring the sound viability of Leydig cells and greatly increasing the cells' ability to survive and proliferate. Histochemical staining for 3β-HSD performed on the seventh day of primary culture showed that the purity was up to 90%, indicating that Leydig cells had proliferated. Microscopic observations showed no obvious signs of cell aging. In addition, 3β-HSD, CYP11A1 and CYP17A1 are necessary for testosterone synthesis and secretion and thus are specifically present in Leydig cells. This study used immunofluorescence to demonstrate the expression of the entire testosterone synthase spectrum at each stage of primary culture.
In conclusion, the differential digestion method yields a culture with high Leydig cell purity, and the Leydig cells obtained via this protocol have sufficient capabilities for testosterone synthesis during primary culture.
Methods

Animals and reagents
Eight-week-old male C57BL/6 mice were purchased from Shanghai Slack Experimental Animal. NB4 collagenase was from Serva (Heidelberg, Germany). The following antibodies were from and β-NAD were from Sangon Biotech (Shanghai, China). Dimethyl sulfoxide (DMSO) was from Sigma-Aldrich (St. Louis, MO, USA). Leydig cells were maintained in low glucose Dulbecco's Modified Eagle's Medium (DMEM, Gibco, Invitrogen) with 10% fetal bovine serum (FBS, SAFC, Sigma). The SHZ-82 rotating vapor-bathing constant temperature vibrator (Meixiang Instrument, Shanghai, China) was used to dissociate the decapsulated testes. This protocol was approved by Shanghai Children's Medical Center.
Primary culture of mouse Leydig cells
Mice were sacrificed by cervical dislocation and immersed in 75% ethanol for 5 min. The sterile testes were dissected and washed three times in 4 C prechilled PBS. Epididymis, visible vessels, fat and other connective tissues were carefully removed from testes with microscissors. The tunica albuginea was then dissected out, and pair of testes from each mouse were incubated in a 50-ml centrifuge tube containing 5 ml of 0.03% collagenase NB4. The testes were digested for 15 min at 37 C with vibration at 150 rpm as the first step. The supernatant was discarded. Another 5 ml of fresh collagenase NB4 was added into the centrifuge tube, and the cell pellet was digested for another 15 min at 37 C as the second step, during which the vibration speed was lowered from 150 to 130 rpm. Cells in the supernatant were then centrifuged and resuspended in low glucose DMEM with 10% FBS for seeding. The primary cultures were kept under 5% CO2 in an incubator.
Morphological observation and determination of purity level
Cells from the supernatant were examined by trypan blue dye exclusion for viability and then analyzed for Leydig cell purity with 3β-HSD histochemical staining. After Leydig cells were seeded and had completely adhered to the culture plate, an inverted microscope was used to observe the morphology and growth. Immunofluorescence was used to determine the expression of Leydig biomarkers [19] at different stages of the primary culture. Histochemical staining for 3β-HSD was conducted again to determine the postculture purity on the seventh day of primary culture.
Histochemical staining for 3β-HSD
Staining for 3β-HSD was performed as described by Gary Klinefelter [4] . Briefly, solution A (1 mg NBT, 0.6 mg DHEA and 0.6 ml DMSO) and solution B (10 mg β-NAD and 9.5 ml DPBS) were mixed. Leydig cells were mounted on slides and washed three times in PBS, then immersed into the A/B mixture and incubated at 37 C for 2 h. After incubation, the cells were washed and observed. Bluish violet particles in the cytoplasm indicated a positive result.
Immunofluorescence staining of Leydig biomarkers
Primary Leydig cells mounted on slides were washed three times in PBS and fixed in 4% paraformaldehyde for 10 min. The cells were then washed in PBS, immersed in 0.3% Triton X-100 for 20 min to rupture the membranes and incubated in 10% horse serum at 37 C for 30 min. The slides were incubated overnight in goat antihuman 3β-HSD antibody diluted 1:100 and then incubated at 37 C for 30 min in rabbit anti-goat Alexa Fluor ® 488 dye-conjugated secondary antibody diluted 1:1000. Finally, the nuclei were counterstained with Hoechst 33342 for 1 min and observed under a fluorescence microscope.
The procedures for CYP11A1 and CYP17A1 immunofluoresc e n c e s t a i n i n g w e r e t h e s a m e a s f o r t h e 3 β -H S D immunofluorescence staining, except that the primary antibodies were goat anti-human CYP11A1 and goat anti-mouse CYP17A1 instead of goat anti-human 3β-HSD.
